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Learning Objectives 


At the conclusion of this activity, participants should be able to: 

1. list at least 3 associations between low birth weight and health during adult life 

2. define fractional limb volume (FLV) 

3. describe the effect of adding FLV to BPD and AC size parameters for EFW 


• Fetal thigh circumference 
Deter RL,et al (1983) 

• Subcutaneous tissue - arm and leg 
Jeanty P, et al. (1985) 

• Fetal thigh and calf circumferences 
Vintzileos A, et al. (1985) 

• Fetal limb fat and lean body mass 
Bernstein IM, et al (1997) 

• Fetal abdomen subcutaneous tissue 
Hill LM, et al (1992) 

Petrikovsky BM, et al (1997) 

Gardeil F,etal (1999) 

• Cheek-cheek diameter 
Abramowicz JS, et al, (1991 & 1993) 

• Fetal buttocks 
Matsumoto M, et al (2000) 

• Fetal thigh soft tissue thickness 
Scioscia M, et al (2008) 
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Editorial 


Fetal Soft Tissue Parameters 
using Ultrasonography 


Ultrasound in assessment of fetal growth 
disorders: is there a role for subcutaneous 
measurements? 

J. SCHWARTZ and H. GALAN 

t>epartmenl of Obstetrics and Gynecology, University of Colorado 
Health Sciences Outer, 4200 I. ?tb Are. Mad Stop RIDenier. 
CO 802*2. USA te-mad: Henry.GaDnVUCHSC.edu> 


BACKGROUND 



Deviations from normal fetal growth and weight 
contribute to morbidity and mortality in the perinatal 
period 1 . In the last decade, much research has been 
devoted to the diagnosis and management of growth 
disturbances, particularly in light of recent published 
data that infants with growth disturbances base both 


and in setting the stage for future ultrasound studies. 
One of the unique characteristics of human development 
includes the growth of a very large brain and the 
deposition of a very Urge amount of white fat tissue 14 . 



“In animal studies, regardless of the model used, FGR 
fetuses are unable to deposit normal fat stores in late 
gestation. When FGR babies are examined after delivery, 
they show all the clinical signs of reduced fat stores.” 

“Thus, if fat concentration could be estimated fairly 
precisely during fetal life with ultrasonographic estimates 
of fat-to-lean ratios in various sites, this might help 
distinguish the “normal small” from the FGR fetuses.” 


Frederick C. Battaglia, M.D. 

Professor of Pediatrics and OBGYN 
University of Colorado School of Medicine - 2003 


Reduction of subcutaneous mass, but not lean mass, in normal 
fetuses in Denver, Colorado 

Henry I.. Galan, MD,» Serena Rigan o, MD, b Tatjana Radaelli, MD, C Irene Celin, VfD, c 
Maddalena Bozz.o, MD, 1 Jacquelyn Chyu, MD/John C. Hobbins. MD,» and Enrico Ferraz.zi, MD b 

Denver, Colo, and Milan, Italy 

I OBJECTIVE: To test the hypothesis that reduced birth weight in normal fetuses born at moderately high alti- 
I tude (Denver), compared with the birth weight in normal fetuses born at sea level (Milan), is caused by a re- 
I duction in both lean mass and subcutaneous fat mass. 



Obstet Gynecol 2001; 185:839-844 
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American Journal of Obstetrics and Gynecology (2004) 191. 1459-64 


Differences in fat and lean mass proportions in normal 
and growth-restricted fetuses 

Alessandra Padoan, MD, a Serena Rigano, MD, a Enrico Ferrazzi, MD, a 
Brenda L. Beaty, MSPH, b Frederick C. Battaglia, MD, C Henry L. Galan, MD d * 


Fetuses with intrauterine growth restriction have reduced 
subcutaneous fat and lean body mass compared to normal 
controls. 

Subcutaneous fat concentrations decreases are greater 
when compared to decreases in lean body mass 


EFW - Current Technical Limitations 



From Barker DJP. Mothers, Babies, and Health in Later Life 
2nd Edition. Churchill Livingston, 1998 


Current prediction models do not include soft tissue 
parameters for fetal weight estimation . . . 

• soft tissue parameters difficult to standardize 

• 3DUS fetal limb measurements can be time consuming 

• soft tissue borders poorly visualized at ends of long bones 


Fractional Limb Volume 


Limb Subvolume based on 50% of long bone diaphysis length 



Fractional Arm Volume Fractional Thigh Volume 


Lee W, et al. Fractional limb volume: a soft tissue parameter of fetal body composition: validation, technical 
considerations, and normal ranges during pregnancy. Ultrasound Obstet Gynecol 2009;33:427-440 
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LhratounJObstet Cynecol 200* Ms 42?-440 

Fractional limb volume - a soft tissue parameter of fetal 
body composition: validation, technical considerations and 
normal ranges during pregnancy 


Fractional Limb Volume 
Fetal Nutritional Assessment 


W. LEE*tt. M. BAI am MtAMANIAMS. R. L DETHRf, S. s. HASSANtt, F.GOTSCHH . 

| P. KUSANOVlCft L F. GONQALVEStt and R. ROMEROf*** 

’Dintten of Fetal Imaging, Department of Ohuetmt anJ Gynecology. WMum Beaumont Hatpttaland of BtottatiUk >, U ilium 

Beaumunl HcuplaJ R neurit ImMute. Royal Oat, Mi. ^Defurtmenl of Ohurtrkt unJ Gynecology. Baylor College of MeJome. IhmtfiM, 
TX, fFermatology Rnearch Brunch, furnace Ke nn edy Sterner Notional Institute of CtiU Health and Hu mm Dewlopenent, \dbowi 
ImMutet of Health. Department of Health anJ Human Senecet, BethetJa. Ml) ami t Drptrtmenl of (ibtiefru t and (• metrology, Wayne 
I Stale l 'mteruty, Detoul. Ml. I SA 



Ftttud Contll** for Fractional Thigh Volum* (TVol) 
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Fractional Limb Volume - Reproduciblity Study 


Fractional Arm Volume (Intra-Observer) 



Fractional Arm Volume (InterObserver) 



Fractional Thigh Volume (IntraObserver) 



Fractional Thigh Volume (InterObserver) 



Lee W, et al. Ultrasound Obstet Gynecol 2009;33:427-440 



Fractional Arm Volume - Normal Ranges 
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Fractional Thigh Volume - Normal Ranges 
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Fetal growth parameters and birth weight: their relationship 
to neonatal body composition 
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Air Displacement Plethysmography 


Two Compartment Model 


Fat 

Fat-Free Mass 


Density = 


Volume 






r*' The Journal of Nutrition 

'ASN^ Methodology and Mathematical Modeling J Nutri 2009; I 39:1 772-8 

Newborn Adiposity Measured by 
Plethysmography Is Not Predicted by Late 
Gestation Two-Dimensional Ultrasound 
Measures of Fetal Growth 1,2 

Laurie J. Moyer-Mileur/* ilillaric Slater/ J. Anne Thomson/ Nicole Mihalopoulos , 4 Jan Byrne/ 
it ml Mu hap I W. V.irnrr* 

'Center tor Peiiiattk Niarititm Rneauh and *Dtviu<m i>t General IVtfcatrict. Department ol I'evJiatrvv and ’Department «l 
Ofatetna and Gynecology. Lkiveruty <d Utah, Salt Lake Cny. UT Ml5* 


• 47 mother-infant pairs studied 

• pregnant women scanned (33-38 weeks) 

• infant body composition study (24 - 72 hrs) 



27 


Relationships 
Between 
Fetal and Infant 
Biometry 
to Newborn 
Adiposity 


Moyer-Mileur LJ 
J Nutri 2009;139:1772-8 


“We conclude that fetal growth biometrics 


determined by 2D US do not provide a 

Fractional Limb Volume 

reliable assessment of% BF in term infants.” 

Fetal Weight Estimation 

Moyer-Mileur LJ, et al. 


J Nutri 2009;139:1772-8 
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BW Predictions 

- Accuracy versus Precision 

precise 

• • 

• • 

v. • . , 

•• not precise 

• • not accurate 



precise 
not accurate 

© 

MIX 

Accuracy 

Systematic Error 

Predicted BW - Actual BW „„ 

- x 100 

Actual BW 

• 

// 

Precision 

Random Error 

Standard Deviation 

Mean Percent Differences 



Retrospective Study - Model Derivation 



Model 

Mean <4 difference 

i SI) * difference 

OHl 

8.8 ±9.1* 

OH2 

7.7 ±*.5* 

MHI 

0.35 ± 8 . 3 * 

MH2 

0.29 ±7.6* 

1 

0.48 ± 9.8* 

2 

0.27 ± " 4* 

3 

0.18 ±6.64 

4 

0.4519 J* 

5 

0.2* t 7.2* 

6 

0.12 ±6j6* 


Michigan 

Michigan 


• Model I AVol 
• Model 4 TVol 


• MU I AC, FDL 


• Ml 12 BPD.AC, FDL 

• Model 2 AC, AVol 

• Model 5 AC, TVol 


Model 6 • • Model 3 BPD, AC, AVol 

BPD, AC, TVol 


0.20 0.30 0.40 

Mean % difference 


Lee W, et al. Ultrasound Obstet Gynecol 2009;34:556-565 



Retrospective Study 

Model Derivation Group - Fetal Weight Estimation 


Parameters 

Prediction Error 

BW ± 5% 

BW ± 10% 

BPD, AC, FDL 

Original Hadlock OHl 

7.7 ±8.5% 

40/140 (28.6%) 

89/140 (63.6%) 

BPD, AC, FDL 

Modified Hadlock MH2 

0.3 ± 7.6% 

70/140 (50.0%) 

112/140 (80.0%) 

BPD, AC, TVol 

New Model (Model 6) 

0.1 ±6.6%* 

79/138 (57.2%) 

116/138 (84.1%** 


p < 0.05, Pitman test for correlated variances significantly different from OH2, MH2 
significantly different from OH2 and MH2 p < 0.05. McNemar's test 


Lee W. et ai. Ultrasound Otwtet Gynecol 2009; 34: 556-565 


Prospective validation of fetal weight estimation using 
fractional limb volume 


W. I FT* US. R. DCTEIU. R SANG1 HACHPFYKARt. L YtOfS ind R. ROMFROf 


Best EFW precision (lowest 
random errors) obtained with 
volume based weight 
prediction models 


2013 


Fetal Weight 
Estimation Model 

Birth Weight 

All Intents (g) 

Birth Weight 
< 2000 g 

Birth Weight 
(2000-4000 g) 

Birth Weight 
(>4000 g) 

BPD, AC, FDL 
Original Hadlock OH2 

4.9 ±8.8%* 
(n=158) 

4.9 ±10.6%* 
(n=28) 

4 4 ± 8.2%* 
(n=100) 

6.7 ± 8.6%* 
(n=30) 

BPD, AC, FDL 

1.1 ±8.4% 

1.0 ±10.0% 

1.2 ±8.0% 

0.5 ±8.3% 

Modified Hadlock MH2 

(n*158) 

(n=28) 

(n=100) 

(n=30) 

BPD, AC, TVol 

1.9 ±6.6%* 

0.4 ± 7.8% 

———— T 

6.4%* 

4.3 ± 5.8%* 

New Model (Model 6) 

(n=158) 

(n=28) 

(n=98) 

(n=98) 


systematic error significantly different from zero, one sample t-test 


Comparison of Estimated Fetal Weights 
Using Volume and 2-Dimensional 
Sonography and Their Relationship 
to Neonatal Markers of Fat 


Fad) R. Khoory MD. Brad Settee DO. 
Stephen A. Myen, DO, Brian Mercer, MD 


“Sonographically based fetal limb volumes, 
especially fractional thigh volume, reflect 
neonatal fat mass and are better correlated with 
birth weight.” 


J Ultrasound Med 2009; 28:309-315 


Fractional Thigh Volume by Three-Dimensional 
Ultrasonography for Birth Weight Prediction 

Nattinee Srisantiroj MD*, 

Phanihas ChanprapaphMD*, Chulalak KomoltriDrPH** 

* Division of Maternal -Fetal Medicine, Department of Obstetrics and Gynecology, Faculty of Medicine, Siriraj Hospital 
Mahidol University, Bangkok, Thailand 

** Division ofResearch Development, Faculty of Medicine Siriraj Hospital Mahidol University, Bangkok, Thailand 


Model Derivation Group (n = 100) 
BW = 774.744 + 32.568 x TVol 

Model Validation Group (n = 50) 


Mean % Difference 



Hadlock 
New Model 


-3.1 ±7.8% 
0.2 ± 5.5% 


J Med Assoc Thai 2009;92: 1580-5 
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Uhrasossnd Obstet Gymrcol 2011; .18: 42J-433 

Birth-weight prediction using three-dimensional sonographic 
fractional thigh volume at term in a Chinese population 

F. YANG‘t, K.-Y. LEUNG* Y.-W. HOU$, Y. WAN* and M. H.-Y. TANGJ 

* Department of Obstetrics and Gynaecology, University of Hong Kong. Hong Kong: t Deportment of Obstetrics and Gynaecology. 
Southern Medical University. Guangzhou, China; ^Department of Obstetrics and Gynaecology, Queen Uizabeth Hospital, Hong Kong; 

$ Department of Statistics, College of economics, Jman University, Guangzhou, China; 1 Prenatal Diagnostic and Counseling Department, 
Tsan Yuk Hospital, Hong Kong 


Prospective Study 
(n = 190) 

Mean % Difference 

EFW ± 5% 

EFW ± 10% 

Modified Hadlock 
(BPD, HC, AC, FL) 

-2.5 ± 6.9% 

46.8 

83.7 

Volume Based Model 
(BPD, AC, TVol) 

-0.4 ± 4.8% 

74.2 

95.8 




38 



Original Pap«r 


IImiii)* 


Birth Weight and Neonatal Adiposity 
Prediction Using Fractional Limb Volume 
Obtained with 3D Ultrasound 

Clare O’Connor* 6 Amy OHigglns" Afw>eDoolan‘ Ricardo Segurado" 
Bernard Smart* b Michael J. Turner* 1 Mairead M. Kennedy*- b 


“strong correlation between 3D thigh volume 
measurements at 33 weeks gestation and birth weight” 


“adding TVol measurements to EFW at 38 weeks at 
38 weeks improves accuracy and reduces error rate” 



Fractional Limb Volume - Summary 


Fractional arm and thigh volume measurements permit fetal 
soft tissue assessment in a manner that is reproducible and for 
which reference ranges have been established. 


Fractional limb volume, when used with 2D biometry, improves the 
precision of EFW and now adds a soft tissue component to the 
weight estimation procedure. 


The clinical value of fractional limb volume - either as a directly 
measured soft tissue parameter or for fetal weight estimation 
requires further investigation. 
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